F ROM studies in dogs of the relationship between urine flow and appearance time in the bladder urine of various substances injected into the blood stream, Morales and his collaborators (I) suggested that "renal dead space increases almost in proportion to urine flow." The calculations of Bojesen (2) suggest that proportionality also exists between the volume of the renal pelvis and urine flow. There are presented here data and calculations on the relationships between renal dead space (from the glomeruli to the bladder), the rate of urine flow, and the mean transit time of glomerular substances from the renal artery to the bladder. The data have been obtained by the application of an experimental technique outlined in the previous communication (3). In effect, the indicator-dilution method introduced by Stewart (4) and developed by Hamilton and his collaborators (5) has been applied to the urinary system.
PRINCIPLES, SYMBOLS, AND CALCULATIONS
Injection of a known amount of a glomerular substance is made into the renal artery of one kidney (the experimental kidney) and urine is obtained through catheters from each ureter separately for 30 or more periods of [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] seconds' duration each. The amount of the material in each sample is calculated from the analytically determined concentration and the measured volume. From these values and the amount injected there is calculated the weight ratio, W; this is the fraction of the injected material excreted in each period. The weight ratios for the periods of the control kidney are subtracted from the appropriate weight ratios for the periods of the experimental kidney; this corrects for the excretion following recirculation. These differences are termed corrected weight ratios, and denoted by w,. The sum of all the corrected weight ratios is the total weight ratio, W. This is the fraction of the injected material which has been excreted on a single circulation through the kidney within the time of collection of all the samples. From W and the amount injected, the total amount excreted on a single circulation, S, is calculated. The concentration that would have obtained in each sample from the experimental kidney had there been no recirculation, C,, is calculated from the corrected weight ratio, the amount injected, and the measured urine volume in each sample. The mean transit time, t', the urine flow, F,, and the dead space of the system, Tr', (from the glomeruli to the distal end of the catheter), are calculated from the following expressions where F is the measured rate of urine flow from the experimental kidney. The renal dead space, Vd, is calculated by subtracting the volume of urine contained in the extraureteral portion of the catheter from V'd. The mean transit time from the renal artery to the bladder, t, is calculated by subtracting the mean transit time through the catheter (i.e., w2h/F where r is the radius of the catheter and h is its extraureteral length) from the mean transit time of the system, 1'. The modal transit time or peak time of the system including the catheter is the time after injection at which w, reaches its maximum value; this RENAL DEAD SPACE 621 In one experiment raffinose was used; the concentration of this substance was determined by the procedure used for inulin. Mannitol or a large infusion of o&o/o NaCl was used to provide an adequate urine flow.
RESULTS
The results are summarized in table I, Figure I shows the relationship between Vd, the renal dead space, and F, the observed rate of urine flow from the experimental kidney. Analysis of the data shows that there is no significant systematic difference between FC and F. There are obvious inconsistencies in some of the data for 3 and tp, e.g., in experiments II and 14 w.here t, is greater than t.
DISCUSSION
The data in figure I substantiate the suggestion of Morales and his collaborators that the renal dead space is approximately proportional to the rate of urine flow. The regression equa- (1.32) and that found (1.42) is not significant (P is between 0.7 and 0.8). Though a trend is evident the data show too much scatter to establish definitely the hyperbolic relationship.
A comment is indicated concerning the correction for 'delay time' made in conventional renal clearance studies. 'Delay time' has in the past been identified with appearance time. Aside from the practical difficulties of accurately estimating appearance time, there is some question as to whether it has the significance ascribed to it. Since the excretion pattern of glomerular substances appears to be a statistical distribution, it would be more logical to use either the modal or the mean transit time to correct for the delay in transit from glomerular capillaries to bladder.
In conclusion, it is emphasized that the data presented here have been obtained in unselected dogs. It would be desirable to repeat these studies in a series of reasonably uniform experimental animals and over a wider range of urine flows in order to obtain a more critical evaluation of the relationships between t, Ir, and F. SUMMARY A procedure based on the indicator-dilution method of Stewart and Hamilton is described for the calculation in experimental animals of the mean transit time of glomerular substances from the renal artery to the end of the ureter. From the mean transit time and the urine flow, the renal dead space is calculated. The values calculated for the renal dead space are approximately proportional to the observed rates of urine flow for rates of urine flow between I and I I ml/min. The mean transit time appears to vary inversely with the rate of urine flow. It is pointed out that the mean transit time or the modal transit time, rather than the appearance time, should be used in corrections for delay in conventional renal clearance studies. 
